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1 Introduction

We have developed a numerical model which simulates the
thermal emission from the surface of slowly rotating, airless
bodies, such as Mercury. The effects of surface roughness
are incorporated in a manner similar to that used by Hansen
(1977), Spencer (1990), and Colwell et.al. (1990).

2 Model Description

In our model, an energy balance equation is solved for tem-
perature inside spherical section craters which are distributed
uniformly across the surface and for smooth surface elements
located between these craters. From these temperatures we
can create a disk-integrated infrared thermal emission model
spectrum as well as a two dimensional model image at each
wavelength with any desired amount of resolution across the
disk of the planet. The craters used to simulate surface rough-
ness are not to be correlated with any real surface features,
they are simply a tool used for modelling a rough surface.
The energy balance equation which is solved for temperature
within each of these craters includes heating by direct sunlight,
by sunlight multiply scattered by the crater walls, and by re-
absorption of thermal radiation emitted by other parts of the
crater. Shadowing and visibility of elements within the crater
are also included.

Surface roughness is parameterized by an RMS surface
slope (s) which is calculated by averaging the square of the
angular slope of each surface element (including the smooth
surface elements between craters) weighted by its projection
on a horizontal surface (s2

=< �
2cos� >). The model surface

roughness is therefore a measure of both the half-angle of the
craters (the angle between the centerline and the edge of the
spherical section crater, i.e. a hemispherical crater has a half-
angle of 90o) and the fraction of the surface they cover, rather
than either factor independently.

3 Discussion

Our model produces disk-integrated thermal emission spec-
tra which show the effects of thermal beaming expected for a
rough surface [2]. A rough surface emits an increased amount
of flux in the zero phase direction relative to a smooth sur-
face. Consequently there is less flux emitted at large phase
angles relative to a smooth surface (Fig. 1). The thermal
emission spectrum produced by a rough surface peaks at a
slightly different wavelength than a smooth surface thermal
emission spectrum. This effect is also phase angle dependent.
At small phase angles the rough surface spectrum peaks at a
shorter wavelength than the smooth surface spectrum, and at
large phase angles the rough surface spectrum peaks at a longer
wavelength than the smooth surface spectrum (see Figs. 2 and
3).

This model also has the ability to produce two dimensional
model images of thermal flux. When thermal flux observation
become available which have some amount of resolution across
the disk of the planet, this model can be used to analyze the
spectra of individual parts of the planet.

Our model is particularly useful for analysis of thermal
infrared data from the planet Mercury. An important step in
the proper interpretation of mid-infrared spectroscopic mea-
surements is to account for the thermal continuum. Figures
2 and 3 show that our rough surface model closely approxi-
mates the Mercurian flux at two observational geometries and
is an improvement over a smooth surface, radiative equilibrium
model.
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